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I '  

ABSTRACT 

95974 
A study was  made  of the separa t ion  of dipropylene 

glycol (DPG)  into i t s  chain and s t e r e o  i s o m e r s  by gas  - 

liquid par t i t ion chromatography (GLPC)  using DPG f r o m  

seven different commerc ia l  sources .  These  m a t e r i a l s  w e r e  

fur ther  charac te r ized  by adjunct ana lyses  fo r  hydroxyl,  

unsaturat ion,  wa te r ,  and propylene glycol contents,and by 

index of refract ion,  i n f r a red  spectrum, and bulk viscosi ty .  

F o r  the quali tative ana lys i s ,  packed columns, p r e p a r e d  

with liquid phases  of Carbowax 20M, Polyox WSR 35, o r  

Reoplex 400, and capi l lary columns, p r e p a r e d  with Carbowax 

1540, were  used. F o r  quantitative ana lyses ,  packed columns 

p repa red  with Carbowax 2OM were  used.  

the th ree  chain i s o m e r s  of DPG and the two d i a s t e r e o m e r s  of 

one of the chain i s o m e r s  present  in each of the seven  com-  

m e r c i a l  s amples  w e r e  determined by the method of a n  in te rna l  

s tandard.  

observed among the commerc ia l  DPG'  s .  

The quantit ies of 

Significant differences in the i s o m e r  

I. INTRODUCTION 

Dipropylene glycol (DPG)  is the f i r s t  homolog of the polyoxypropylene 

glycols  (POPG)  and is p repa red  f rom the react ion of one mole  of propylene 

glycol and one mole  of propylene oxide. It consis ts  of t h ree  posit ional 

- 1 -  
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i s o m e r s ,  ( I )  1,  5-dihydroxy-2, 4-dimethyl-3 -0xapentane; (11) 2, 6-dihydroxy- 

4-oxaheptane; and (111) 1, 5-dihydroxy-2-methyl-3 -0xahexane. Also, for  

each of the positional i s o m e r s  I and I1 there  a r e  a d 1  p a i r  and a m e s o  form,  t - 
while f o r  i s o m e r  111 there  a r e  two d l  p a i r s .  

f o r  I, 11, and 111 and the i r  d i a s t e reomers  would be of value in a study 

designed to de te rmine  the f ac to r s  that control the positional and s t e r e o  

a r r angemen t s  of oxypropylenes during the formation of DPG. These  f a c t o r s  

could a l s o  be expected to be of importance in  determining the positional 

and s t e r e o  a r r angemen t s  of oxypropylene sequences in the commerc ia l ly  

available POPG'  s .  

l 

A suitable analytical  method - 

Analytical methods specific for p r i m a r y  and secondary hydroxyls 

lead to values f o r  the amounts of I, 11, and 111 in DPG. Genera l  methods 

f o r  the quantitative analysis  of p r imary  and secondary hydroxyl groups in  

substances of both low and high molecular  weight have received cons ider -  

able  attention ( 7 ,  24, 9, 6, 1, 2, and 21) over  the p a s t  few y e a r s ,  with a 

good dea l  of the attention directed to  the POPG'  s .  

p r i m a r y  and secondary hydroxyl groups i n  DPG have been es t imated  by 

nuc lear  magnetic resonance spectroscopy (1 5)  and kinetic analysis  tech-  

niques ( 1  4).  Methods fo r  the quantitative and qualitative determinat ions 

of the s t e r e o i s o m e r s  of I, 11, and I11 have not been reported.  Recently, 

however,  gas  - liquid parti t ion chromatography (GLPC)  has  been used to  

show the p re sence  of I, 11, and 111 in  Udex extraction solvent (11)  and has  

a l s o  proved to be useful in the analysis  of mixtures  of d ias te reomer ica l ly  

re la ted  substances (12, 5, 23). 

- - _ - - _  - 
The quantit ies of 

- 

- 

- 

- - -  
This  communication p resen t s  the r e s u l t s  of a n  investigation into 

the qualitative and quantitative analysis by GLPC of the chemical  composi-  

tion of DPG in  t e r m s  of I, 11, and 111 and the i r  d i a s t e reomers .  Adjunct 

ana lyses  of the DPG' s a r e  a l s o  reported.  

ana lyses  fo r  hydroxyl, unsaturation, water ,  and propylene glycol contents, 

and of o ther  physical  character izat ions by index of refract ion,  in f ra red  

spec t r a  and bulk viscosity.  

of the posit ional i s o m e r s  and the i r  d i a s t e reomers  is repor ted  e l sewhere  

These  consis ted of chemical  

A study of the syntheses  and charac te r iza t ion  

(16 ) .  - 

- 2 -  
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11. EXPERIMENTAL 

A .  Mate r i a l s  

Samples  of commerc ia l ly  available DPG' s w e r e  obtained f r o m  Dow 

Chemical  Company, Eas tman  Organic Chemicals ;  F luka  A.  G. (Bucks,  

S. G . ,  Switzer land);  Je f fe rson  Chemical C o . ,  Inc . ,  (Sample No. H-5851); 

Matheson, Coleman & Bell  (prac t ica l  grade);  Olin Mathieson Chemical  

Corporation; and the Union Carbide and Carbon Corporat ion.  

the pu re  posit ional i s o m e r s  and d i a s t e reomers  w e r e  obtained in  the cour se  

of a sepa ra t e  study (16 )  - and f r o m  prepara t ive  GLPC exper iments  as  

repor ted  here in .  

Samples  of 

Propylene  glycol was obtained f r o m  the Wyandotte Chemicals  

Corporat ion and was dis t i l led ( b . p .  96-98"/21 mm. Hg) before use.  Hexyl 

alcohol (p rac t i ca l  g rade )  (b.  p. 153 -1 57/760 mm. Hg) 

Matheson, Coleman & Bell  and was used a s  rece ived .  

was obtained f r o m  

Liquid phases  w e r e  obtained f rom commer ica l  sources :  Carbowax 

20M and Reoplex 400 f r o m  Wilkens Instrument  & Resea rch ,  Inc . ,  and 

Polyox WSR 35 f r o m  the Union Carbide and Carbon Corporat ion.  

support  used  throughout this study was Chromosorb  P (non-acid-washed)  

f r o m  Johns -Mansville.  

The solid 

B. Gas - Liquid Pa r t i t i on  Chromatography Equipment 

1 .  Appara tus .  All the measu remen t s  f o r  the quali tative cha rac t e r i za -  

t ions of the DPG's  w e r e  c a r r i e d  ou t  on a GLPC appara tus  designed and 

built  in the laboratory.  (See Fig.  A-1 in the Appendix. ) The unit  cons is ted  

of (a) a hea ted  injection p o r t  assembly obtained f r o m  a Loenco Model 15  

gas  chromatograph  (Loenco, Jnc.), (b) columns f o r m e d  f r o m  6-foot sect ions 

of a luminum tubing of 0. 25-inch 0. d. and 0. 035-inch wall  thickness ,  which 

w e r e  wound into he l ica l  configurations, and (c )  a Gow-Mac (Gow-Mac 

Ins t rument  Go.)  t h e r m a l  conductivity detector  (Model No. 9285D) fi t ted with 

four  mutual ly  matched  tungsten fi laments and  at tached to a Gow-Mac power 

supply cont ro l  unit (Model No. 99996).  
was d r i e d  by pass ing  through a Model F Hydro P u r g e  (Coas t  Engineer ing 

Labora tory ,  H e r m o s a  Beach, Calif.), and  the flow at the head of the column 

was  cont ro l led  by a sequence of three regula tors .  A h igh-pressure  SR-200 

The hel ium u s e d  as the c a r r i e r  gas  

- 3 -  
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regulator  (Victor Equipment Co. ) was attached to the tank of hel ium and 

was followed by two Type 20AG-2 regulators  (0 -50  p. s .  i. ) (C.  A. Norgren  

C o . ,  Denver,  Colo. ), one before  and the other  a f t e r  the Hydro P u r g e  unit. 

The second regulator  was i m m e r s e d  in a constant- temperature  bath which 

was a l s o  used as a source  of temperature  control for  a soap bubble m e t e r  

used  to monitor  the r a t e  of flow of the c a r r i e r  gas.  The inlet  p r e s s u r e  

was  monitored with ei ther  a n  aneroid barometer ,  Model F A  129 (Wallace & 

Tiernan,  Inc . ,  Belleville, N.  J. ), o r  a Bourdon tube - type t e s t  guage 

( readable  to within 0. 05  p. s .  i. ). 

flow a t  the re ference  and sample  sides of the detector ,  the c a r r i e r  gas 

was f i r s t  pas sed  through the reference side of the detector  and through a 

buffer coil and then to the injection block. 

To insure  identical  mass r a t e s  of gas  

Values f o r  the r a t e  of flow of helium a t  ba romet r i c  p r e s s u r e  and 

ambient  tempera ture  w e r e  obtained f r o m  readings taken with a 50-ml. soap 

bubble m e t e r  (13) (Fig .  - A-2 in the Appendix). 

insured  that  the c a r r i e r  gas  was at ambient t e m p e r a t u r e  a s  controlled by 

the constant- temperature  bath descr ibed e a r l i e r .  

t e m p e r a t u r e  was  careful ly  maintained by i m m e r s i n g  the en t i re  GLPC 

apparatus ,  with the exception of the injection block, which was  electr ical ly  

heated, in  a Kinematic Viscosity bath (Hallikainen Instruments) .  F o r  t e m -  

p e r a t u r e s  f r o m  3 5  to 200"G,  th i s  combination pe rmi t t ed  t empera tu re  control 

within * O .  002°C.  

bled unit  was moni tored  by a Leeds  and Northrup Speedomax reco rde r  with 

a 5-mv. range and a 2-second response t ime.  Retention t imes  w e r e  de te r -  

mined f r o m  the r eco rde r  char t  and were  checked by a cal ibrated stopwatch. 

The t imes  of injection w e r e  recorded direct ly  on the char t  by an  auxi l iary 

m a r k e r  pen a r r angemen t  (Chronograph event m a r k e r  pen, Leeds  and 

Nor thrup  p a r t  No. 1241 15) .  

The design of the bubble m e t e r  

Close control of column 

The output f r o m  the the rma l  conductivity ce l l  of the a s s e m -  

In the course  of this study three other gas chromatographs  w e r e  

a n  F & M 720 (F & M Scientific Corporation);  a Model 226 (Pe rk in -  used: 

E l m e r  Corporat ion) ,  and an  Aerograph A-700 Autoprep (Wilkens Instrument  & 

Resea rch ,  Inc. ). 

the PE 226; however, slight but significant modifications w e r e  made to the 

F & M 720. To improve the flow control on both the re ference  and sample  

s ides  of the apparatus ,  the extant flow control valves w e r e  replaced with 

m i c r o m e t e r  -type valves (Nuclear Products  Co. , Cleveland, Ohio). Also, 

No  modifications were  made  to the prepara t ive  unit o r  to 
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p r e s s u r e  gauges with a range  of 0 t o  30 p. s .  i. (Ashcroft  Gauges,  S t ra t ford ,  

Conn. ) w e r e  at tached to both the sample and re ference  s ides  of the flow 

sys t em.  

To monitor  the a r e a s  of the chromatographic  peaks,  e i ther  of two 

commerc ia l ly  avai lable  voltage -to-frequency in t eg ra to r s  was  used. 

w e r e  the CRS-1 (Infotronics Corporation, Houston, Texas )  and the Chromad 

(Consolidated Elec t rodynamics  Corporation, Pasadena ,  Calif. ). The 

c h a r a c t e r i s t i c s  and pe r fo rmances  of these units were  investigated and a r e  

the subject  of a sepa ra t e  memorandum (1  8). 

2.  Columns. 

investigation. The type, weight, and weight pe rcen t  of the l iquid phase ,  

the length and d i ame te r  of the column, the m e s h  s i ze  of the sol id  support ,  

and the solvent used  in  the coating of the solid support  for  each  column a r e  

given in  Table  I. 

l iquid phase  and solid support .  Column 12, a 200-foot capi l lary,  was 

obtained f r o m  the P e r k i n - E l m e r  Corporation and used with the P e r k i n -  

E l m e r  Model 226 Gas  Chromatograph. Columns 1-3,  5-11, and 13 w e r e  

analyt ical  columns; seven of these were used in  the F & M 720 Gas 

Chromatograph,  while the o the r s  were  used in  the a s sembled  unit. 

4 was  u s e d  for  the prepara t ive  separa t ions  on the Aerograph  A-700 Auto- 

p r e p  unit .  

They 

- 
A total of 13 columns was used during the cour se  of this  

Columns 1-1 1 and 13 w e r e  p repa red  f r o m  the appropr ia te  

Column 

To  coat  the solid support ,  a s l u r r y  of it suspended i n  the liquid 

phase ,  which had been dissolved in  a n  appropr i a t e  solvent ( s e e  Table  I), 

was p repa red .  

f ree-f lowing by (a)  evaporation a t  ambient t e m p e r a t u r e s  under  a hood, o r  (b)  

evaporat ion a t  elevated t e m p e r a t u r e s  in a vented oven maintained between 

90 and 110°C.  

The solvent was removed until the coated suppor t  was 

The coated support  was placed into each  column by one of s e v e r a l  

F o r  columns 5 through 11, a n  identical  and p rede te rmined  methods .  

amount  of coated support  was used  for each  column. 

11 w e r e  fi l led by the following methods: 

Columns 5 through 

1.  Column 5 was mounted ver t ical ly  over  a me ta l  plate ,  the coated 

suppor t  was  added one g r a m  at a time, and af te r  each addition the column 

was  r a i s e d  6 inches above the plate  and dropped a total  of s ix  t i m e s .  

2. Column 6 was filled s imi la r ly  to column 5 except  that  the coated 

suppor t  was  added 3 g r a m s  a t  a t ime.  

- 5 -  
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3,  Column 7 was filled s imi la r ly  to column 5 except  that  all of the 

coated support  was poured in a t  one t ime, and the column was then dropped 

f r o m  a height of 6 inches s ix  t imes .  

4. 

added, and then the column was subjected to  vibrat ion by a Vibrator  

(Type SA, Cleveland Vibra tor  Co. ,  Cleveland, Ohio) operated a t  20 p .  S. i. 

until the height of the coated support  in the column did not change. 

Column 8 was  mounted ver t ical ly ,  all of the coated support  was 

5. Column 9 was mounted ver t ical ly ,  and the Vibrator  was at tached 

to the column a t  a point 18 inches f rom the bottom and turned on. 

coated support  was added 1 g r a m  a t  a t ime a t  1 -minute in te rva ls .  

The 

6.  
g r a m s  at a t ime,  and a f t e r  each addition the column was  forcibly pounded 

on the me ta l  base  s ix  t imes .  After all the coated support  was added, the 

column was  pounded aga ins t  the meta l  base  a n  additional 50 t imes .  

Column 10 was  mounted ver t ical ly ,  the packing was added 3 

7. F o r  column 11, the coated suppor t  was added a l i t t le  a t  a t ime,  

and between additions the column was tapped aga ins t  the floor.  

the coated support  was added to the column, the column was tapped aga ins t  

the f loor  about 20 t imes .  

After  all 

8 .  Columns 1 through 4 and column 13 w e r e  of a prede termined  

length. 

similar to that used for  column 11. 

These  columns w e r e  filled with the coated support  in  a manner  

All columns except No.  1 2  were  bent into co i l s  of about 4 inches in 

d i a m e t e r .  

each  end of each  column. 

A g l a s s  wool plug approximately 1/4 inch long was placed into 

C. Gas - Liquid Pa r t i t i on  Chromatography Analysis  P r o c e d u r e s  

F o r  e i the r  the quali tative o r  quantitative ana lys i s  by GLPC, a 1- to 

sample  of the m a t e r i a l  under study was injected into the GLPC 1 0 - p l .  

appa ra tus  with a No .  701N Hamilton syr inge (Hamilton Company, Inc. ). 

Neat  DPG was too viscous for  the injection device of the Autoprep 

F o r  unit; t he re fo re ,  a 70 weight 70 solution of DPG in benzene was used .  

each  p repa ra t ive  separa t ion ,  a 50-p1. sample  of the benzene solution was 

injected into the unit. 

The  numerous  solutions of dry  samples  of the posit ional i s o m e r s  of 

DPG (I, 11, and 111) w e r e  p repa red  in the anhydrous environment  of a D r i -  

L a b  (D. L .  Her r ing  Corporat ion) .  These  solutions w e r e  used in  the 
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prepara t ion  of the cal ibrat ion plots needed fo r  the quantitative ana lys i s  

work.  

1 .  Chemical  Analyses .  The analyses  for  the hydroxyl groups w e r e  

c a r r i e d  out by a n  acetylat ion technique ( 3 ) .  

w e r e  obtained by the m e r c u r i c  acetate  procedure  (4) ;  the water  content, 

by the Kar l  F i s c h e r  method; and the propylene glycol contents, by the 

per ioda te  ana lys i s  fo r  vicinal hydroxyls (1  - 0) .  

2. Phys i ca l  Analyses .  The infrared spec t r a  w e r e  de te rmined  on a 

P e r k i n - E l m e r  Model 421 spectrophotometer .  Each  spec t rum was taken 

with the s l i t  p r o g r a m  a t  1,  000, the gain a t  4, the attenuation speed a t  

1, 100, the suppress ion  at 4, the source c u r r e n t  at 0 .3  a m p e r e s  and the 

sca l e  s e t  a t  1X. 

thick.  

The unsaturat ion contents - 
- 

The s p e c t r a  w e r e  taken on nea t  s amples  0. 023 mm. 

The indices of re f rac t ion  were de te rmined  on a n  Abbef-type 

r e f r ac tomete r  (Model 450A, Valentine Ins t ruments ,  Vista,  Cal i f .  ) which 

was previously cal ibrated against  samples  obtained f r o m  Eas tman  Organic  

Chemica ls .  

fo r  n 

a micropycnometer  method (22). - 

The r e s u l t s  of the calibration work  suggest  that  the val.ues 

a r e  accu ra t e  to *O. 0002 units.  The dens i t ies  w e r e  de te rmined  by -D 

Kinematic v iscos i t ies  w e r e  determined in Canon-Ubbelohde 

suspended-level  capi l lary v iscometers  which had been cal ibrated with 

s tandard  oi ls  f r o m  the National Bureau of S tandards .  The efflux t i m e s  fo r  

the var ious  samples  of DPG rangedf rom 230 to 275 seconds.  

III. RESULTS AND DISCUSSION 

A .  Qualitative Charac te r iza t ion  

Representa t ive  separa t ions  of dipropylene glycol on packed 

analyt ical  columns (columns 1, 2, and 3 )  a r e  shown in F igure  1 a - c.  

T h r e e  d i f fe ren t  liquid phases ,  Carbowax 20M, Polyox W S R  35, and 

Reoplex 400, a r e  represented .  The f i r s t  two liquid phases  a r e  m e m b e r s  

of the s a m e  homologous s e r i e s ,  the polyoxyethylenes, and differ only in  

t h e i r  molecular  weights (17 ) .  - 

p r e p a r e d  f r o m  adipic  acid and a low molecular  weight glycol. 

t ions used  to obtain these  chromatograms a r e  given on the f igure.  

Reoplex is a high molecular  weight po lyes te r  

The condi- 

F o r  the 
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Reoplex column, the conditions a r e  s imi la r  to those previously reported 

(11) .  
of DPG into five components. 

F igu re  l a  - c c lear ly  shows the separat ion of a commerc ia l  sample  - 

The separat ion of DPG was also accomplished on a prepara t ive  

F igu re  2 shows such a separat ion using column 4 p repa red  with sca le .  

Carbowax 2OM as  the liquid phase.  

p repara t ive  separat ion a r e  given on the figure.  

representa t ive  of each peak f r o m  a number of separa t ions  of this type, a 

usable  sample,  representat ive of each peak, was obtained fo r  charac te r iza  - 

tion and identification. 

The conditions used to obtain the 

By combining the effluent 

Samples  of the individual positional i s o m e r s  I, 11, and I11 and the 

d i a s t e r e o m e r s  of I and I1 were  available f r o m  a sepa ra t e  study ( 1  6). The 

specif ic  retention volumes, V760 ( 2 0 )  for  each of these substances a s  well  

as  fo r  propylene glycol w e r e  determined and compared with the V760 for  

each  of the five resolvable  components of commerc ia l  DPG. A slmilar 

compar ison  was made with the fractions collected f r o m  the prepara t ive  

separa t ions .  

exper iment  is g i v e n i n  Table  11. 

pylene glycol, 11, 111, IA, and IB a r e  in exce l l en tag reemen t  with the V 
3 

values  fo r  the five peaks of a chromatogram of DPG. 

a l s o  show that the d i a s t e reomers  of I1 and I11 w e r e  not resolved on these 

columns.  Qualitative character izat ions were  a l s o  made  to es tabl ish the 

o r d e r  of elution for  the o ther  two liquid phases ,  Polyox WSR 3 5  and 

Reoplex 400. 

propylene glycol, 11, 111, and the d ias te reomer ic  f o r m s  of I, with A followed 

by B. 

that recent ly  repor ted  ( 1  1 ). 

- 
-g - - 

-g 

The V760 fo r  each of the components obtained f r o m  each 
-g 

The values of V760 for  s amples  of p r o -  
-g 760  

The data in  TablF I1 

F o r  each of the th ree  different liquid phases ,  the o r d e r  was 

F o r  the Reoplex liquid phase,  this sequence is in  d isagreement  with 

- 
The two GLPC analyses  of the commerc ia l  DPG (columns 3 and 4 of 

Table  11) were  made  a t  different t imes.  

s a m p l e s  were  de te rmined  a t  the t ime of GLPC a n a l y s i s  1,  and the V 

the s a m p l e s  isolated f r o m  prepara t ive  GLPC were  de te rmined  a t  the-time 

of G L P C  analys is  2. 

ponents is the same;  however, small but significant differences exis t  

between the V760 values for  each component as  de te rmined  on the two 

s e p a r a t e  occaFions. Values f o r  the flow r a t e s  and the ra t io  of the inlet to  
760 outlet  p r e s s u r e s  used to obtain the V values,  however,  remained constant 

The V760 values fo r  the synthetic 
-g  760 for  

-g 

F o r  each analysis the o r d e r  of elution of the com-  

-g 

-g - 

- 8 -  
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over  this  per iod of t ime.  

which ranged f r o m  1, 100 to 1, 400 for  the components, remained,  within 

exper imenta l  e r r o r ,  the same  over  this per iod ,  

column with t i m e  suggests  that  the changes in  the values fo r  V760 a r e  due 

to changes in  the na ture  of the coated support .  

A l so ,  the  number of theoret ical  p la tes  n ( 8 ) ,  - -  

This  behavior of the 

-g - 

In o r d e r  to improve  the separat ion of commerc ia l  DPG into its 

components,  a n  empir ica l  study was  made of the importance of the 

method of packing a column. 

with coated support  by seven different methods a s  desc r ibed  in  the 

Exper imenta l  section. 

of coated support ,  and all w e r e  p repa red  f r o m  the s a m e  batch of solid 

support  coated with Carbowax 20M. 

upon the t ightness  of packing, the longer columns being m o r e  loosely 

packed than the s h o r t e r  ones .  The rat io  of the inlet  (Pi) to outlet  (P  ) 

p r e s s u r e s  requi red  to obtain a given flow r a t e  (41. 8 3z0.3 ml. /min. a t  

S T P )  in  each of the columns was measu red .  

w e r e  injected into each column. 

n fo r  hexyl alcohol, obtained f r o m  six ch romatograms  on each of the seven 

columns,  a r e  given in Table 111. Simi la r  determinat ion of the theoret ical  

p la tes  fo r  each of the components of DPG fo r  each column was not wor th-  

while because  of the unsymmetr ica l  f o r m  of the peaks.  

g r a m  of DPG f r o m  the seven columns is shown in F igu re  3 .  

table  c l ea r ly  show that, with the exception of column 10, the P./P 

a r e  reasonably  constant,  the one exception being the m o s t  t ighgy packed 

column as would have been expected. 

values  for  the theore t ica l  plates  fo r  hexyl alcohol w e r e  observed  among 

s ix  of the seven columns.  One column, the m o s t  loose ly  packed (column 7), 

exhibited a wide var ia t ion in  the values for  the theoret ical  plates .  However, 

none of the seven  columns sepa ra t ed  DPG into f ive components.  

seven  columns (column 11)  was prepared  by the s a m e  procedure  a s  was 

used  to p r e p a r e  the Carbowax 20M column (column 1 )  that gave the s e p a r a -  

tion shown in F igu re  la .  

(co lumn 1 and 11 ) is one of age.  

heated at  var ious  t empera tu res  and exposed to numerous  samples ,  separa ted  

DPG into five components,  while the new, conditioned column did not. This  

d i f fe rence  in  behavior probably s tems f r o m  changes in the coated support .  

F o r  this purpose,  seven  columns w e r e  filled 

Each  of these columns contained identical  weights 

The length of the column depended 

-0 - 

Samples  of hexyl alcohol 

The values for  the Pi/Po ra t ios  and for  - -  - -  
- 

A typical chromato-  

The data  in the 

-1 -2 ra t ios  

No  significant differences in  the 

One of the 

The m a j o r  difference between these  two columns 

The o lder  column, a f t e r  having been 

- 9 -  
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The na tu re  of these  changes was not investigated fu r the r .  

may  be s i m i l a r  in  na ture  to those reported by Kel le r  and coworkers  (19). 

However, they 

- 
In another  a t tempt  to improve  on the separa t ion  of DPG into its 

components,  the use  of a capi l lary column (column 12)  coated with Carbowax 

1540 was investigated.  

used to obtain the separa t ion  a r e  given in  the f igure.  

DPG was separa ted  into s ix  components. 

components f r o m  the capi l lary column is the s a m e  a s  fo r  a packed column, 

the d i a s t e r e o m e r s  of e i ther  posit ional i s o m e r  I11 o r  I1 have been resolved.  

Unfortunately, because  of column deter iorat ion,  fu r the r  study of this  

improvement  i n  separa t ion  was not possible on this  column. 

l a r y  columns containing the s a m e  liquid phase  and p repa red  in a s i m i l a r  

manner  failed to duplicate these  resu l t s .  

The r e su l t s  a r e  shown in F igu re  4. The conditions 

These  data  show that the 

If the o r d e r  of elution of the 

Other  capi l -  

Samples  of each of the o ther  six commerc ia l ly  available DPG's  w e r e  

analyzed on an  aged Carbowax 2OM column (column 1 ) .  

one,  the quali tative fea tures  of the chromatograms w e r e  identical  with those 

in  F igu re  l a .  

ch romatogram for  this  m a t e r i a l  i s  shown in F igure  5. 

that  a s ixth peak  appea r s  at a l a r g e r  retention t i m e  in this  m a t e r i a l  than for  

any of the  o ther  samples  of DPG. 

was ident i f ied on the bas i s  of i t s  V760 value a s  diethylene glycol (DEG). 

nificant quantit ies of DEG, however ,  were  not found in  another sample  of 

DPG f r o m  Fluka. 

DPG's  i f  large enough samples  (>lOpl) - of DPG are analyzed by GLPC.  

sou rce  of the DEG as an  impuri ty  could a r i s e  f r o m  t r a c e  amounts of ethylene 

p r e s e n t  i n  the propylene that i s  used  to p r e p a r e  DPG via  epoxidation and 

hydro lys is .  

w e r e  not observed  on the chromatograms.  

In all c a s e s  except 

The exception was the sample  of DPG obtained f r o m  Fluka.  

This  f igure shows 

A 

The m a t e r i a l  corresponding to  th i s  peak 

Sig- = 
Actually,  DEG can be detected i n  all of the seven  different 

The 

Coproducts f r o m  ethylene oxide and propylene oxide,  however ,  

B. Quantitative Character izat ion 

The seven samples  of DPG from commerc ia l  sou rces  w e r e  

thoroughly cha rac t e r i zed  by a number of chemica l  and physical  ana lyses .  

The chemica l  ana lys i s  consis ted of the determinat ions of the hydroxyl 

concentrat ions and the w a t e r ,  unsaturat ion,  and propylene glycol contents ,  

while the  physical  charac te r iza t ions  were  by index of re f rac t ion ,  bulk 

v iscos i ty ,  and in f r a red  spec t r a .  With the exception of the in f r a red  s p e c t r a ,  

- 10 - 
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the r e su l t s  of the ana lyses  a r e  given in Table  IV. These  data  show that  no 

significant differences ex is t  in the values of the index of re f rac t ion  and the 

unsaturat ion and wa te r  contents for  the samples  of DPG f r o m  the seven  

different  commerc ia l  sou rces .  The sample of DPG f r o m  Fluka shows a 
I value fo r  the densi ty  which is about 1% l a r g e r  than the o thers .  This  is the 

s a m e  sample  that contained the DEG impurity.  

Fluka sample  ( sample  2),  which contained only t r a c e  amounts  of DEG, was  

in  good ag reemen t  with the  density values fo r  the o the r s .  The weight 70 of 

hydroxyl groups of f ive of the samples  w e r e  within *170 re lat ive to the 

theore t ica l  values  of 25. 4 weight 70 hydroxyl. Two DPG'  s,Union Carb ide  

and Fluka, however,  showed significantly l a r g e r  weight 70 hydroxyl group 

contents,  26. 5 and 26. 0, respectively,  than the theoret ical  value. These  

two samples  a l s o  contained relatively l a r g e  quantit ies of propylene glycol, 

4 and 270, respect ively,  which could account fo r  the high hydroxyl group 

values.  

cent is tokes and undoubtedly reflected the s u m  total  of all the differences 

in  chemica l  composition among the DPG samples ,  including the re la t ive  

amounts  of the t h r e e  posit ional i s o m e r s  and the i r  d i a s t e r e o m e r i c  f o r m s .  

The densi ty  of the o ther  1 

I 

The bulk v iscos i t ies  of the samples  ranged f r o m  67. 5 to 81. 0 

The in f r a red  spec t r a  for  six of the seven  samples  w e r e  v e r y  

similar to each  other ,  the m a j o r  peaks occurr ing  at posit ions that would 

be expected on the b a s i s  of the g r o s s  chemical  s t r u c t u r e  of DPG. 

sample  of DPG f r o m  Fluka ( sample  l ) ,  however ,  showed a significant 
-1 i n c r e a s e  in absorpt ion at 900 c m  

of 1 0  weight 70 of DEG to  a sample  of DPG f r o m  one of the other  six 

s a m p l e s  gave a n  in f r a red  spec t rum identical with that  of the Fluka sample  

1 .  

DPG. 

The 

i n  compar ison  with the o thers .  Addition 

Th i s  furn ishes  fu r the r  evidence that DEG was a n  impuri ty  in  this  

The quantit ies of I, 11, and 111 p r e s e n t  in  the DPG'  s were  de te rmined  

by GLPC.  Of the th ree  liquid phases ,  Carbowax 20M, Polyox WSR 35, and 

Reoplex 400, which w e r e  shown capable of separa t ing  DPG into five com-  

ponents ,  Carbowax 20M has  advantages over  the o ther  two. F i r s t ,  it is 

e a s i e r  to  p r e p a r e  coated solid support  f r o m  Carbowax 20M than f r o m  

Polyox WSR 35, because  of the solubility and viscosi ty  differences of 

t hese  two phases .  

ea s i ly  p r e p a r e d  as that  f r o m  Carbowax 2OM, we found that the per formance  

of ou r  Reoplex columns de ter iora ted  rapidly a f t e r  about 12 hours  at  

Second, while support  coated with Reoplex 400 is as  

- 11 - 
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t empera tu res  (ca .  190°C) needed f o r  the separat ion of DPG. Therefore ,  

a n  aged Carbowax 20M column (column 13)  was selected f o r  the quantita- 

tive ana lys i s  work. 

To optimize the per formance  of the 20M column fo r  the separat ion 

of the components of DPG, a s e r i e s  of exper iments  was  made  with the 

column and a crystal l ine d i a s t e reomer  of DPG, IIA. Ideally, the column 

should have been optimized for  the component m o s t  difficult to separa te ,  

IA, but not enough of this ma te r i a l  was available for  this purpose.  

dependencies of the values fo r  the theoretical  plates  fo r  IIA on column 13 

a s  a function of flow ra t e  of c a r r i e r  gas, s i ze  of sample,  and tempera ture  

w e r e  investigated.  

theore t ica l  plates  fo r  IIA would be considered as being the bes t  for  the 

separa t ion  of 11, 111, IA, and IB and would be used f o r  quantitative ana lys i s .  

The r e su l t s  of these exper iments  a r e  shown in F i g u r e  6. 

The 

The conditions that gave the l a r g e s t  value for  the 

The f igure shows that the value for  the number of theoret ical  plates ,  

- n, 
gas .  The l a r g e s t  values of - n, about 1, 650, occur  f o r  the 0. 2-yl. sample  

a t  about 41 ml . /minute  at STP .  

values of n a re  s m a l l e r  and l e s s  sensit ive to the r a t e  of flow of the c a r r i e r  

gas  than fo r  the 0 .  2-pl. sample .  

a t  191 " C  only. Additional experiments,  not shown on this  f igure,  were  

made  at 161°C.  Here ,  for  1 -pl. samples ,  and at  an optimum r a t e  of flow 

of the c a r r i e r  gas  (38 ml. /minute a t  STP) ,  _11 was about 1,  900. 

value f o r  - n a t  161 " C  than a t  191 "C suggested this  t empera tu re  for  the 

quantitative analysis .  However, i n  contrast  to the peaks a t  191 "C,  those 

a t  161 " C were  wider ,  with the leading and t ra i l ing regions contributing 

significantly to the total  a r e a .  

m e a s u r e m e n t  of peak a r e a  operated more,reproducibly 

row peaks  than on low, wide peaks.  

the resolut ion of DPG on Carbowax 20M de te r io ra t e s  badly. 

been o u r  experience that a t  these higher t empera tu res ,  the useful life of 

Carbowax 20M as  a liquid phase  is severely l imited for  the analysis  of 

DPG. 

ana lys i s .  

is  dependent upon the s i ze  of sample and the r a t e  of flow of the c a r r i e r  

For the l a rge  samples ,  the optimum 

- 
The data  in  the f igure a r e  for  experiments  

The l a r g e r  

The integrators  used in this  study for  the 

( 2 0 )  - on tall, na r  - 

At t empera tu res  higher than 200"C, 

It has  a l s o  

Therefore ,  191°C was chosen as  the t empera tu re  for  the quantitative 

The ana lys i s  by GLPC for the amounts  of I, 11, and 111 presen t  in 

the seven  samples  of DPG was car r ied  out by the in te rna l  s tandard method 

- 12 - 
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(8) .  Initially, propylene glycol was t r ied  as  the internal  s tandard.  This 

choice was not suitable because of tailing by the propylene glycol peak and 

the attendant problems with the integrators .  The i s o m e r  11, however,  

proved to  be a sat isfactory internal  standard.  

f o r  a s e r i e s  of samples  containing different quantities of 111 and 11, o r  of I 
and 11. 

of the weights a r e  shown in  F igu re  7a-b. 

concentrations of I, 11, and 111 found in  the seven samples  of DPG f r o m  

commerc ia l  sou rces .  

r a t io s  a r e  proportional to  the a r e a  ra t ios .  

i n  F igu re  7a and 7b a r e  1 .48  and 1 . 0 8 ,  respect ively.  

The r e su l t s  of the quantitative analysis  fo r  I, 11, and 111 presen t  in 

Correc t ion  fo r  the quantity 

- 

A r e a s  of peaks w e r e  obtained 

P l o t s  of the r a t io  of the areas of the positional i s o m e r s  to  the r a t io  

The plots cover  the ranges  of 

F o r  these  ranges,  F igure  7 shows that the weight 

The s lopes of the l ines  shown 

the seven  samples  of DPG a r e  given in Table V.  

of propylene glycol p re sen t  in  the DPG' s was  made  on the b a s i s  of the 

r e su l t s  previously given in  Table IV.  

propylene glycol as  the internal  standard,  a n  es t imate  of the amount  of 

propylene glycol p re sen t  in  the Union Carbide DPG was  obtained f r o m  

GLPC and found to be 5. 0 * 0 .  2 weight 70, which is  in  reasonable  ag reemen t  

with 4. 5 weight 70 as reported i n  Table IV .  

shown in Table  V,  the sensit ivity of the thermal  conductivity detector  fo r  

the d i a s t e r e o m e r s  of I was  considered to  be the same .  The separat ion of 

I1 and 111 by column 1 3  was  complete,  but IA was not separa ted  completely 

f r o m  111. F o r  the purpose of the calculations, the peak a r e a s  of IA and 111 

w e r e  obtained by using the a r e a s  to  the right and the left,  respectively,  of 

the min imum between IA and 111. While this  is somewhat a r b i t r a r y ,  e spe -  

cially for peak a r e a s  of different magnitude, the values so  obtained w e r e  in 

good ag reemen t  (within about 1700) with those obtained by considering IA and 

I B  to  be p re sen t  in equal amounts and subtracting the a r e a  fo r  IB f r o m  the 

a r e a  f o r  111 plus IA. 

F r o m  the e a r l i e r  experiments  with 

F o r  the calculation of the values 

As shown by the r e su l t s  given in Table V, significantly different 

quantit ies of I, 11, and 111 a r e  present  i n  samples  of DPG f r o m  commerc ia l  

s o u r c e s .  

8. 8 weight 70, and l a rges t ,  27 weight 7'0, quantities, respectively,  of the 

d i p r i m a r y  i somer ,  I. The samples  f r o m  Dow; Eas tman;  Jefferson; 

Matheson, Coleman & Bell; and Union Carbide contain intermediate  amounts,  

1 4  to  17 weight 70. The sma l l e s t ,  21 weight 70, and l a rges t ,  43 weight 70, 

The DPG' s f r o m  Olin Mathieson and Fluka contain the smal les t ,  
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quantit ies of the disecondary i s o m e r ,  11, a r e  p re sen t  in the Fluka and Olin 

Mathieson samples ,  respect ively.  Samples  f r o m  the o ther  five s o u r c e s  

contain in te rmedia te  amounts ,  3 3  to 38 weight 70, of 11. The amount  of 111 

p r e s e n t  i n  the seven samples  ranges  f rom 46 to 51 weight 70. 
The r e s u l t s  of this study c lear ly  demonst ra te  that the quantit ies 

of p r i m a r y  and secondary hydroxyl groups p re sen t  in  commerc ia l ly  ava i l -  

ab le  DPG a re  different for  different sou rces .  

the resolut ion capabili t ies and the per formance  stabil i ty of gas  chromatog- 

raphy 
quantit ies of the d i a s t e reomers  of I, 11, and 111, respect ively.  The p resen t  

r e su l t s  sugges t  that  equal concentrations of the d i a s t e reomers ,  IA and IB, 

a r e  p r e s e n t  in  each of the seven samples  of DPG. 

F u r t h e r  improvements  in  

columns should lead to separat ions which would give values  f o r  the 

- 14 - 
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Table I. Charac t e r i s t i c s  of Gas Chromatography Columns 

Zolumn 
lumber  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Liquid phase 

V e ighta 
g r a m s  

4. 40 

3. 16 

3. 79 

13. 0 

4. 25 

4. 25 

4. 25 

4, 25 

4, 25 

4. 25 

4. 25 

- 

3. 42 

Solvent 

3enzene - 
Methanol, 50- 50 

Nater 

Zhlorofo r m  

3hlorofo r m  

3hlo r of o r m  

Benzene 

- 

b Length 
inches 

72.0 

72.0 

60.0 

72.0 

54.1 

53.9 

56.6 

54.6 

55.1 

51.4 

54.0 

2400. 

72.0 

Columns 

3 on dit ionin g 
t rea tment  
hours/  O C 

Mesh s i ze  
sol id  

support  

30-60 

30-60 

100-120 

45-60 

30-60 

30-60 

30-60 

30-60 

30-60 

30-60 

30-60 

- 

30-60 

a The weight 7’0 liquid phase: columns 1 and 3-11, 25700; 2 and 13, 207’0. 

bDiameter  ( inches)  of column 4, 0. 38; column 12, 0.  02; all others,O. 25, 
C Helium gas  was pas sed  through the columns during conditioning. 
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Table 11. Specific Retention Volumes (V760)  fo r  the 
-g 

I s o m e r s  of Dipropylene Glycol 07 a 

Carbowax 20M Column at 195"Ca 

Substance 

1 , 2-dihydroxypropane 

2 , 6  -dihydroxy - 4- 
oxaheptane (11) 

Liquid d ias te reomer  

Crystal l ine dia s t e  r e  - 

Mixed d ias te reomer  

(IIA) 

o m e r  (IIB) 

( IIA - B) 

1, 5 - dihydroxy - 2 - 
methyl - 3 - 
oxahexane (111) 

1, 5-dihydroxy-2,4- 
dimethyl - 3 - 
oxapentane (I) 

Dias t e reomer  IA 
Dias t e reomer  IB  

Synthetic 
samples  

41.7 

101.3 

101.3 

100.4 

121.6 

139.7 
158.1 

ml. / g r a m  
-g- - 

Commerc ia l  DPG 

b Analysis 1 

43.3 

101.7 

123.6 

137.6 
158.0 

4nalysis  2 

41.0 

94.0 

113.6 

127. 3 
14.6. 4 

Samples  
isolated by 
preparat ive 

GLPC 

40.7 

94. 1 

114.0 

128.4 
145. 5 

Values f o r  V760 at 161°C were:  1, 2-dihydroxypropaneY 106.4; IIAB, a 

279.9; 111, 349. 2; IA, 466.6; IB, 554. 1. These  values w e r e  determined 
at the t ime  ofAnalysis  2. 

b 

-g 

Analysis  1 was  made  five months pr ior  t o  Analysis 2. 
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Table  111 P./P Rat ios  and Theore t ica l  P l a t e s  

for  Hexyl Alcohol on Seven Different 

Carbowax 20M Columns 

-1 -0 

Column 
number  

5 

6 

7 

8 

9 

10 

11 

a P./P -1 -0 

1. 19 

1. 19 

1. 16 

1. 18 

1. 18 

1. 23 

1. 16 

The o r  e t ica l  
p la tes  

988- 1,083 

955-1,034 

301- 884 

887- 993 

965- 989 

889- 975 

947 - 1,060 

a 

*o. 01. 
These  a r e  average  values  with range limits of l e s s  than 
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Table V. Pe rcen tages  of Posi t ional  I s o m e r s  and Propylene  Glycol 
P r e s e n t  in Dipropylene Glycol From Seven Commerc ia l  Sources  

Source  

Dow 

Eas tman  

Fluka  

( sample  2) 

J e f f e r son  

Mathe son, 

Coleman & Bell  

Olin Mathieson 

Union Carb ide  

I 
A and B 

16. 2 

15. 9 

14, 0 

14. 2 

28. 1 

25. 9 

14. 4 

14. 5 

14. 9 
16. 0 

8 .8  

8. 8 

14. 9 
16. 7 

Weight yoa 

II 

36. 3 

36. 4 

38. 2 

36. 8 

20. 5 

21. 8 

37. 1 

37. 0 

34. 3 

34. 0 

42. 6 
42. 6 

34. 0 

32. 7 

YI 

47. 2 

47. 4 

47. 8 

48. 9 

49. 1 

50. 1 

47. 8 

47. 8 

50. 7 

49.9 

48. 6 
48. 6 

46. 6 
46. 1 

Propylene  
glycol 

0. 26 

0. 06 

2. 20 

0. 70 

0.10 

0. 02 

4. 45 

a The f igu res  f o r  the posit ional i s o m e r s  r ep resen t  two sepa ra t e  analyses .  
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Figure  4. Separation of dipropylene glycol on a 

Carbowax 1540 capillary column 
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180C 
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Figure  6. Dependencies of theoretical  plates  on sample  s ize  and flow r a t e  

of c a r r i e r  gas  f o r  the crystall ine d i a s t e reomer ,  I1 A, on a 

Carbowax 20M column a t  191° C 
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Fig.  7a .  Weight ra t io  vs .  a r e a  ra t io  f o r  i s o m e r s  of dipropylene glycol, IIA/IA 

0 0.5 
WEIGHT RATIO 

Fig.  7b. .Weight ra t io  vs .  area ra t io  f o r  i s o m e r s  of dipropylene glycol, IIA/III 
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APPENDIX 

7 BASE PLATE CHROMATOGRAPH 4% 
m FLOW-MEASURING 

SYSTEM-,, 

To PRESSURE-MEASURING 

SysTEM7 

HELIUM FROM PRESSURE 
CONTROL SYSTEM __ I 

TOP VIEW OF CHROMATOGRAPH 

VISCOSITY 
BATH 

GAS CHROMATOGRAPH SHOWN 
IMMERSED IN HALLIKAINEN 

KINEMATIC VISCOSITY 
BATH 

CONNECTOR TO THE 
GOW -MAC POWER SUPPLY 

BUFFER COIL 

SIDE VIEW OF CHROMATOGRAPH 

Fig .  A-1 . Detailed drawing of the gas  chromatograph unit. F o r  

fur ther  de ta i l s ,  s e e  "Gas Chromatograph Assembly,  I' 

JPL Drawing N o .  J 125408 
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F ig .  A-2.  Thermostat ical ly  controlled flow-meter 
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